Abstract. In the field of land management, stakeholders (people) everywhere have many disputes over the location of boundaries between private land and public land. We find that the stakeholders disagree with each other over boundaries. We propose an approach that helps people to come to an agreement on position of boundaries (including pixel-based approach, polygon-based approach and middle boundary approach). The experiments are carried out on data relating to public parks in Auckland, New Zealand. The results of the experiments highlight the differences between different stakeholder's percieved boundaries.
Introduction
Land Management is the process of managing the use and development (in both urban and rural settings) of land resources. Land resources include organic agriculture, reforestation, water resource management and eco-tourism projects, is called public land. Private property is a legal designation of the ownership of property by non-governmental legal entities. The use of public land for private purposes, known as encroachment, has been identified as a problem affecting public parks in the Auckland region. Every boundary conflict contains a strong spatial component [1] . The spatial location of a public park is defined by its boundary. However there may be several different versions of the same boundary for a park. Perception of encroachment depends upon the viewpoint of the stakeholder. The stakeholders are residents living around the parks, non-residents who use the parks, organised sports groups and representatives of the Auckland City Council (including managers, councillors and surveyors). In land management, arguments occur over boundaries between stakeholders.
Related Work
This sections examines research work that has been carried out in related areas. The related areas are the mathematical formulas used to calculate the differences between two sets of data (boundary or area) and the magnitude of the differences. A search of the literature reveals that people use the Hidden Markov Model [2] [3],the Boundary Element Method [4] [5] and point-set-based [6] [7] [8] to detect differences in boundaries. Hidden Markov models (HMM) are studied for the purpose of planar shape classification using curvature coefficients. A discrete-time HMM is a probabilistic model that describes a random sequence as the indirect observation of an underlying (hidden) random sequence where this hidden process in Markovian. The boundary element method (BEM) is a numerical computational method of solving linear partial differential equations which have been formulated as integral equations. A point-set-based model is developed for areal objects from a perspective that incorporates spatial cognition. This model is called with point-set-based regions (PSBR). Computing spatial relationships between two PSBRs using the derived areal objects consists of looking at topological relationships, directional relationships, metric relationships, distance between centroids, average distance and Hausdorff distance.
Motivation
After studying the methods listed above, we have found that they give an accurate detection of the differences. However, these works does not really solve the arguments among stakeholders, due to these methods not providing a possible solution for the stakeholders. We analysed the pixel-based calculation and proposed a polygon-based calculation to form a new point of view for the stakeholders, upon which they can base negotiations to solve the boundary dispute.
Methodology
Land use conflict occurs whenever land-use stakeholders have incompatible interests related to land areas that result in negative effects [9] . In order to resolve the arguments over boundaries, we examine two existing approaches: a) Pixelbased Approach and b) Polygon-based Approach and we then build upon the two approaches above to propose a new approach: Middle-boundary Approach.
Pixel-based approach
Given a set of n sequential GPS coordinate pairs G = {(Lo 1 , La 1 ), . . . , (Lo n , La n )} for one area, we firstly transfer them into integer coordinates according to certain predefined precision, for example
. . , n}}. Then we shift the coordinate origin somehow to fit the coordination set as,
Now we have a bitmap with n positive pixels. Next we sequentially connect each neighboring pair (n-th point is the neighbor with n − 1-th and 1-st). For example, if have (x i , y i ) and (x i+1 , y i+1 ), we need to compute a set of pixels approximately connecting (x i , y i ) to (x i+1 , y i+1 ) and also as a edge of closed polygon. To achieve such closed approximate pixel edge, we simply approximate the y coordination from a continuous series of x connecting x i to x i+1 and do the reversed, as follows (assume x i ≤ x i+1 and y i ≤ y i+1 )
The result with more points from (2) and (3) is taken as the edge point set between (x i , y i ) and (x i+1 , y i+1 ). Once all edges for one area if obtained, we can apply area fill algorithm to fill the edge graph and obtain a binary bitmap of that area. For area difference, we can simply do a matrix subtraction to compute following areas:
1. both A 1 and A 2 covers; 2. A 1 covers but A 2 not; 3. A 2 covers but A 1 not.
As any field area is represented by a binary matrix M = {0, 1} m×n , where m and n denote the number of rows and columns respectively of the bitmap, thus the area is simply calculated by
Polygon-based Approach
In the analytic geometry method, a boundary is seen as a polygon formed by connecting points sequentially. Given two boundaries A = {a 1 , a 2 . . . a n } and B = {b 1 , b 2 . . . b m }, where the end points of A and B are clockwise distributed. There are four steps to find the difference A − B (i.e. the area inside A but outside B) and B − A (i.e. the area inside B but outside A).
1. Find all cross points C between any edge pairs, one from A and one from B. As each edge is a line segment, there are many existing algorithms for finding cross point between two given line segments. The result of this step is a set of points 
4.
Compute the area of difference polygons. Given any polygon A = a 1 a 2 . . . a n and its coordinate set {(x 1 , y 1 ), (x 2 , y 2 ), . . . , (x n , y n )}, the area of A can be computed as
Note that when i = n, have a n+1 = a 1 and x n+1 = x 1 , y n+1 = y 1 .
Middle-boundary Approach
To find the middle-boundary, we propose a nearest neighbor based algorithm. Let A = a 1 a 2 . . . a n be the boundary with more endpoints than B = b 1 b 2 . . . b m , we calculated a middle boundary M = m 1 m 2 . . . m n have the same number of end points with A, each m i lays in the halfway of a i to its nearest neighbor in {b 1 , b 2 , . . . , b m }. To find such nearest neighbor, we need firstly compute a distance vector D = R m×1 have
Then find the j with smallest D j , and eventually compute the mean vector of [x ai , y ai ] and [x bj , y bj ].
Algorithm 1 Find the Middle Boundary
Require: Polygon A = a1a2 . . . an and B = b1b2 . . . bm, have n >= m; the coordinate of each point {(xai, yai)|∀i
The middle boundary M = m1m2 . . . mn and its coordinate set
Current point is ai, (xai, yai); Find the current point's nearest neighbor bj (x bj , y bj ) from B; Compute the mi, have xmi = mean(xai, x bj ), and ymi = mean(yai, y bj ) end for
Once M is determined, using algorithm mentioned in Section3.2, we can compute the difference area between A to M and B to M .
Experiments
To demonstrate the boundary comparison techniques, for this paper, 20 parks from the Manukau and North Shore areas are selected as representative examples of the four categories of park discussed above.
Experimental setup
A number of experiments were conducted to study the effectiveness of the new approach. In this section we look at the data used in the experiments, the setup and procedure of the experiments and we discuss the results of the experiments.
Location and Device

GPS Data
Collection carried out at 20 sites across North Shore and Manukau areas in Auckland. One GPS devices used: Leica Viva TPS. The data collected, using the Leica Viva TPS device, uses the Mt Eden 2000 co-ordinates system.
Data
The data used in the experiments is boundary data of New Zealand specifically the Auckland area.
1 GPS Boundary Data. The GPS boundary data has been collected during field visits to the selected parks. 2 Land Boundary Data. The Council boundary data is used to compare against the observed boundary data. 
Discussion
The argument from people for the analyzing frames illuminates the underlying causes of Park boundries in the geographic analysis of public land use. Geographic information systems (GIS) have long been applied in resolving municipal/local boundary conflicts (e.g. US political redistricting) [10] . This approach utilises both GIS and GPS in presenting and resolving boundary disputes. The results of the pixel-based experiments show the differences between two views (sets of boundary data) for the same area. The first set of differences shows the encroachment of private land onto public land and the second set of differences shows the encroachment of public land onto private land. This approach highlights the differences between the boundaries but does not propose any possible solutions to the problem. The results of the polygon-based experiments in Table 1 show the plotting of the two sets of points and highlights the differences between the two views (sets of boundary data) for the same area. AreaOmG gives the area of the original boundary minus that of the GPS boundary. AreaGmO gives the area of the GPS boundary minus that of the original boundary. AreaOmM gives the area of the original boundary minus that of the middle boundary. AreaMmO gives the area of the middle boundary minus that of the original boundary. AreaGmM gives the area of the GPS boundary minus that of the Middle boundary. AreaMmG gives the area of the middle boundary minus that of the GPS boundary. The results of the experiments show the differences between two views (sets of boundary data) for the same area. We give a fair solution to people who have arguments on the measurement of boundary for Parks in Auckland, as seen in Fig. 3 . The green line shows the boundary as perceived by the council and the blue line shows the boundary as perceived by the results of a field survey. The differences in the two boundaries show where the boundary is disputed. The red line shows a calculated middle boundary which may act as a starting point for resolving boundary disputes. Stakeholders have different views on encroachment. For example the council have a strict viewpoint and assume that the data they have is correct whereas some private residents have a relaxed viewpoint on the position of a boundary.
Conclusions and Future Work
In order to address the land encroachment problems in Auckland's parks, we firstly proposed two different approaches boundary calculations. Though both of them detect and highlight differences, in numerical terms, effectively, whereas neither approach offers a possbile solution to any boundary conflicts. We then proposed the middle-boundary approach, in which we address the boundary arguments from stakeholders by a nearest neighbor based algorithm. This solution could be a possible solution that disputes or at least a starting point for negotiations, because the (middle-boundary) have been addressed. The main limitation of the middle-boundary approach is that the proposed new boundary is based solely on mathematical calculations and does not take into account the stakeholders' views or motivations currently. Possible future work could involve adding weighting to the middle-boundary calculations so that different possible solutions could be generated.
